Growth of exponential-phase liquid cultures of Moraxella osloensis was inhibited by 0.5 U of penicillin G per ml. For this organism, low concentrations of penicillin acted primarily in a bacteriostatic rather than in a bactericidal manner. At higher concentrations of penicillin some killing did take place, but the rate of killing was rather slow and appeared to be independent of penicillin concentration. Microscopic observation of cells from penicillin-treated cultures showed little or no cellular swelling or lysis. The total cell count did not decrease significantly during 6 h of incubation in 5,000 U of penicillin per ml. The rates of respiration, nucleic acid synthesis, and protein synthesis were not affected by the presence of penicillin. Attempts to counteract the bactericidal action ofhigh concentrations of penicillin with growth inhibitory concentrations of chloramphenicol were unsuccessful, since chloramphenicol itself was more bactericidal than penicillin for M. osloensis.
genitourinary tract, nose, and several other body sites (1-7, 9, 10) . During the development of a transformation assay for identification of strains of M. osloensis (11) , the penicillin selection technique (8) was used to enrich a mutagenized culture for auxotrophic mutants unable to grow in a lactate-mineral medium. Since most strains of M. osloensis are sensitive to penicillin (1-3, 5, 9) , it was expected that prototrophic cells able to grow in this medium would be killed upon addition of penicillin. To our surprise, we found that a relatively small proportion of the cells was killed when a growing culture of M. osloensis was exposed to growth inhibitory concentrations of penicillin for several hours. This result provided the stimulus for this work, in which the effects of penicillin on growth, viability, cell lysis, substrate oxidation, and macromolecular biosynthesis were investigated. The 350C in 10 ml of antibiotic medium 3 (Difco Laboratories, Detroit, Mich.) supplemented with 0.25% ethanol and contained in a 500-ml Erlenmeyer sidearm flask. At periodic intervals, the contents of each flask used were poured into the side arm, and the turbidity of the culture was determined in a Klett colorimeter that used a 660-nm filter. The colorimeter readings obtained were corrected for departure from linearity at high cell densities.
Viable counts, expressed as colony-forming units per milliliter, were obtained by spreading suitably diluted samples on antibiotic medium 3 (Difco) plates. Total counts, expressed as cells per milliliter, were made with a Petroff-Hausser counting chamber. Cells were examined for evidence of swelling or lysis with a phase-contrast microscope at various times after addition of penicillin.
RESULTS
Effect of penicillin on growth and viability. Curve 1 of Fig. 1 is a normal growth curve for M. osloensis in the medium used in this study. During exponential growth, penicillin was added to the culture to give a final concentration of 0.5 U/ml. Penicillin exerts its effect immediately, as evidenced by a slower but continued increase in absorbancy for over a 5-h period (Fig. 1, curve 2) . The change in viable cell concentration with time for control and for penicillin-treated cultures is seen in curves 3 and 4, respectively, of Fig. 1 . In spite of the increase in absorbancy of the culture after adding penicillin (Fig. 1, curve 2 ), the number of viable cells did not increase but actually decreased slowly (Fig. 1, curve 4) . period of 4 h in the presence of penicillin, 70% of the cells were still viable.
Because a relatively low penicillin concentration was used in the experiment of Fig. 1 , the effect of a higher penicillin concentration was next explored. Upon addition of penicillin to a final concentration of 5,000 U/ml, the absorbancy of the culture increased for a period of 2 to 3 h and then leveled off but did not decrease, as would be expected if the cells were undergoing lysis (Fig. 2 , curve 2).
Curves 1 and 3 of Fig. 3 show the total counts and viable counts, respectively, for the non-penicillin-treated culture of Fig. 2 (curve 1). Since the total number of cells was counted rather than the potential colony-forming units, the total count exceeds the viable count by about a factor of 2, probably because most of the cells grow as diplococci. The total number of cells in the penicillin-treated culture (Fig. 3 , curve 2) remained relatively constant during the time period of the experiment. As seen in Fig. 3 , cell viability in curve 4 in the presence of 5,000 U of penicillin per ml did not parallel the total count and decreased slowly, such that 8% of the cells remained viable after 4 h of incubation. This rate of killing is somewhat greater than that observed in the presence of 0.5 U of penicillin per ml (Fig. 1, curve 4) , and it is identical to that obtained at concentrations of 5 and 500 U of penicillin per ml. There was no evidence of cell lysis in any of the experiments described above as determined either by the lack of a decrease in cell turbidity or by TIME (HRS) In a series of experiments (data not shown) it has been demonstrated that penicillin has no effect on the rate of oxidation of sodium pyruvate nor does it alter the rate of incorpora- Experiments that used chloramphenicol to inhibit growth. In a [14C]leucine uptake experiment it was noted that addition of chloramphenicol (50 ,ug/ml) resulted in immediate cessation of leucine incorporation (data not shown). Since penicillin normally acts only on growing cells that are actively synthesizing cell walls, we reasoned that if we were to halt growth by adding chloramphenicol, the nongrowing cells should not be killed at all after further addition of penicillin. The results of a test of this hypothesis are shown in Fig. 4 . Curve 1 of Fig. 4 shows the normal killing rate in the presence of penicillin (500 U/ml). In the presence of chloramphenicol (50 ug/ml) and the same concentration of penicillin, the rate of killing actually accelerated (Fig. 4, curve 2) . In the presence of chloramphenicol alone (Fig.  4, curve 3) , killing occurred at a rate that was substantially faster than that observed with penicillin alone (Fig. 4, curve 1) .
Action of penicillin on M. osloensis growing on an agar plate. To determine the effect of penicillin on M. osloensis growing on a semisolid medium, this organism was inoculated, by spreading, on a plate containing the same medium used in liquid cultures in the experiments described above. Penicillin was added to a filter paper disk at the center of the plate, and the plate was incubated for 17 h. A clear zone of inhibition surrounding the disk was clearly visible. Microscopic observation of cells taken from the growth area adjacent to the zone of inhibition revealed the presence, almost exclusively, of filamentous forms similar to those previously described for M. osloensis growing on a similar medium (3). The filament diameter was similar to the diameter of normal cocci from a culture of M. osloensis grown on the same medium without penicillin. In addition, there was no evidence of lysis of filamentous cells. DISCUSSION Although penicillin, in low concentrations, is an effective antibiotic for most gram-positive bacteria, it is relatively ineffective against gram-negative bacteria, with the exception of species of Moraxella and Neisseria. The strain ofM. osloensis examined in the present study is fairly sensitive to penicillin, but this antibiotic appears to exert primarily a bacteriostatic action ( Fig. 1) , rather than the typical bactericidal effect observed when penicillin-sensitive bacteria are incubated in a medium in which they can grow that also contains penicillin. In spite of the facts that penicillin does inhibit growth and also has a slow bactericidal action on rapidly growing cultures of M. osloensis ( Fig. 1 and 2) , total cell counts, as well as microscopic examination of penicillin-treated cultures, failed to reveal any cell lysis. Cells of M. osloensis treated with penicillin in liquid cultures failed to show swelling or filament formation. By contrast, filamentous forms were observed when a plated culture was treated with penicillin. The basis for this difference is not known.
Continued macromolecular biosynthesis in the presence of growth inhibitory concentrations of penicillin would be expected to lead eventually to excretion of some of these components into the growth medium. This aspect was not explored in the present study. If such leakage of macromolecules from penicillin-treated cells can occur, then this may explain the lack of cellular swelling or cell lysis in such cultures.
Although chloramphenicol generally exerts a bacteriostatic action on most sensitive bacteria, the results presented above clearly reveal that chloramphenicol is even more bactericidal for M. osloensis than is penicillin (Fig. 4) M. osloensis is considered to be weakly pathogenic (10) , and strains of this organism have been implicated in human disease (6, 7, 9) . It is, consequently, of some interest to be aware that the actions of penicillin and chloramphenicol on M. osloensis appear to be somewhat atypical. The nature of the responses of other Moraxella and Neisseria strains to common antibiotics is yet to be determined. It is of interest to note that chloramphenicol is currently considered to be one of the drugs of choice for use in treating meningitis caused by strains of Haemophilus influenzae type b because chloramphenicol is bactericidal for such strains (12) . Ampicillin is not uniformly bactericidal for all strains ofH. influenzae type b, but, in these cases, the inability of this antibiotic to act in a bactericidal manner appears to result from the appearance of resistant L forms (spheroplasts) during treatment with ampicillin (12 
